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Bone remodeling, normal and abnormal: a biological basis for 
the understanding of cancer-related bone disease and its 
treatment. 



Parfitt AM. 



Related Resources 



Remodeling the cyclical replacement of old bone by new, serves to maintain 
its mechanical and metabolic functions. In each cycle a circumscribed volume 
of bone is removed by osteoclastic resorption and subsequently replaced by 
osteoblastic formation at the same location. Remodeling is carried out by 
elongated structures known as basic multicellular units (BMU) that travel 
through or across the surface of bone. Each BMU lasts about six months, 
with continued sequential recruitment of new osteoclasts and osteoblasts. 
Abnormal bone remodeling involves some combination of loss of directional 
control, increase in number of remodeling cycles and incomplete 
replacement. In metastatic bone disease, tumor cells find the hematopoietic 
bone marrow conducive to their survival and growth, because they can 
manipulate the local cytokine network to increase recruitment of osteoclasts 
fi*om local precursors and so increase bone resorption. The effect on bone 
formation is biphasic; an initial increase is due partly to the normal evolution 
of the BMU, and partly to the induction of reparative woven bone formation. 
Later, normal BMU-based bone formation may fall to subnormal levels. In 
some tumors, a generalized increase in osteoclast recruitment and decline in 
bone formation are the systemic responses to one or more agents released by 
tumor cells into the circulation, of which the most fi-equent is parathyroid 
hormone-related peptide, but in both metastatic and non-metastatic disease, 
the cellular events in bone are essentially the same. Cancer-related bone 
disease is amenable to treatment with drugs that inhibit osteoclast 
recruitment, of which the bisphosphonates are the most effective. Treatment 
should be started before there has been irreparable damage to bone structure 
and before the onset of hypercalcemia. Although bisphosphonates remain in 
bone for a long time, adverse effects are very unlikely within the patient's 
lifetime. 
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Stedman's Medical Dictionary 



osteomyelodysplasia (os'te-o-ml'e-lo-dis-pla'-ze-a) 

A disease characterized by enlargement of the marrow cavities of the bones, 
thinning of the osseous tissue , large, thin-walled vascular spaces, leukopenia , 
and irregular fever , [osteo- + G, myelos, marrow, + dysplasia ] 
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The management of hypercalcemia of malignancy. 
Harvey HA. 

Department of Medicine, Milton S. Hershey Medical Center, Pennsylvania 
State University, Hershey 17033, USA. 

Hypercalcemia (HCM) occurs in 10-15% of all malignancies, predominantly 
in patients with solid tumors. This metabolic complication leads to significant 
morbidity and impairment of quality of life. Recent insights into the 
pathophysiology of HCM include an understanding of the role of 
parathyroid-hormone-related peptide and several cytokines secreted by 
tumors. The osteoclast plays a central role as the final common pathway 
through which these hormones and cytokines act to cause bone lysis. These 
findings have led to the development of new treatment strategies. Foremost 
among these has been the introduction of agents such as the newer 
bisphosphonates and gallium nitrate, which are potent inhibitors of 
osteoclast-mediated bone resorption. The clinician can now choose fi-om an 
array of therapeutic approaches based on a consideration of the mechanisms 
of action, individual clinical circumstances, efficacy, toxicities and costs of 
available agents. In addition to their use in the management of HCM, 
non-toxic drugs that effectively inhibit osteoclast function, such as the 
bisphosphonates, are playing an emerging role in the palliative treatment of 
the more common clinical problems of painful lytic bone metastases and 
osteoporosis. 
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Sex steroids, cytokines and the bone marrow: new concepts on 
the pathogenesis of osteoporosis. 
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Manolagas SC, Beilido T, Jilka RL. 

Department of Medicine, University of Arkansas for Medical Sciences, Little 
Rock 72205, USA. 

Osteoclasts and osteoblasts, originating in the bone marrow from 
haemopoietic progenitors and mesenchymal stromal cells, respectively, are 
responsible for the remodelling of the skeleton throughout adult life. Upon 
loss of sex steroids, the production of osteoclasts in the bone marrow is 
increased. This is mediated by an increase in the production of interleukin 6 
(IL-6), as well as an increase in the sensitivity of the osteoclastic precursors 
to the action of cytokines such as IL-6, owing to an up-regulation of the 
gpl30 signal transduction pathway. Consistent with this, oestrogens as well 
as androgens inhibit IL-6 production through an indirect effect of their 
specific receptors on the transcriptional activity of the IL-6 gene promoter, 
and inhibit the expression of the gpl30 gene. With advancing age, the ability 
of the marrow to maintain the high rate of osteoclastogenesis caused by the 
acute loss of sex steroids is diminished. This is probably the result of the 
negative effect of senescence on the ability of the marrow to produce 
stromal/osteoblastic cells, which provide the essential support for 
osteoclastogenesis. These observations suggest that inappropriate production 
of osteoclasts or inadequate production of osteoblasts in the bone marrow 
are fundamental cellular changes in the pathogenesis of postmenopausal and 
senescence-associated osteoporosis, respectively. 
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Modulation of osteoclast differentiation by local factors. 

Suda T, ITdagawa N, Nakamura I, Miyaura C, Takahashi N. 

Department of Biochemistry, School of Dentistry, Showa University, Tokyo, 
Japan. 

Bone-resorbing osteoclasts are of hemopoietic cell origin, probably of the 
CFU-M-derived monocyte-macrophage family. Bone marrow-derived 
. osteoblastic stromal cells play an important role in modulating the 
differentiation of osteoclast progenitors in two different ways: one is the 
production of soluble factors, and the other is cell-to-cell recognition 
between osteoclast progenitors and osteoblastic stromal cells. M-CSF is 
probably the most important soluble factor, which appears to be necessary 
for not only proliferation of osteoclast progenitors, but also differentiation 
into mature osteoclasts and their survival. A number of local factors as well 
as systemic hormones induce osteoclast differentiation. They are classified 
into three categories in terms of the signal transduction: vitamin D 
receptor-mediated signals [1 alpha,25(OH)2D3]; protein kinase A-mediated 
signals (PTH, PTHrP, PGE2, and IL-1); and gpl30-mediated signals (IL-6, 
IL-1 1, oncostatin M, and leukemia inhibitory factor). All of these 
osteoclast-inducing factors appear to act on osteoblastic cells to commonly 
induce osteoclast differentiation factor (ODF), which recognizes osteoclast 
progenitors and prepares them to differentiate into mature osteoclasts. This 
line of approach will undoubtedly produce new ways to treat several 
metabolic bone diseases caused by abnormal osteoclast recruitment such as 
osteoporosis, osteopetrosis, Paget*s disease, rheumatoid arthritis, and 
periodontal disease. 
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The critical role of interieukin-6, interieukin-lB and 
PubMed Services macrophage colony-stimulating factor in the pathogenesis of 

bone lesions in multiple myeloma. 

Bataille R, Chappard D, Klein B. 

Immunorhumatologie and INSERM U 291, Centre Gui de Chauliac, Hopital 
Saint-Eloi, Montpellier, France, 

Related Resources Lytic bone lesions and hypercalcemia are common features of multiple 

myeloma. In contrast, they are exceptional in other B-cell malignancies. 
Myeloma bone involvement is related to an uncoupling process associating 
increased osteoclastic resorption with decreased bone formation. Several 
qsteoclast-activating factors, such as interleukin-1, macrophage 
colony-stimulating factor, and interleukin-6, are involved in this process. 
However, interleukin-6, the major myeloma cell grovrth factor, plays a 
critical role in myeloma-induced bone resorption. 
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A useful remedy for bone diseases comprising hpt-a - i nt-p>rf prnn 
which has the effect of relatively promoting nfit-pngg>nssi s without 
showing any calcification insufficiency as observed in the case 
of gamma -interferon. In particular, the preventive and 
therapeutic effects of hp>t-a -intf^rff>rnn have been proved as an 
increase in the bone mass in a model animal with bone diseases. 
Also, an interferon inducer is potentially usable as a remedy for 
bone diseases . 
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Estrogen and bone metabolism. 
Vaananen HK, Harkonen PL. 

Department of Anatomy and Biocenter, University of Oulu, Finland. 

Estrogen plays an important role in the growth and maturation of bone as 
well as in the regulation of bone turnover in adult bone. During bone grov^h 
estrogen is needed for proper closure of epiphyseal growth plates both in 
females and in males. Also in young skeleton estrogen deficiency leads to 
increased osteoclast formation and enhanced bone resorption. In menopause 
estrogen deficiency induces cancellous as well as cortical bone loss. Highly 
increased bone resorption in cancellous bone leads to general bone loss and 
destruction of local architecture because of penetrative resorption and 
microfi-actures. In cortical bone the first response of estrogen v^thdrawal is 
enhanced endocortical resorption. Later, also intracortical porosity increases. 
These lead to decreased bone mass, disturbed architecture and reduced bone 
strength. At cellular level in bone estrogen inhibits differentiation of 
osteoclasts thus decreasing their number and reducing the amount of active 
remodeling units. This effect is probably mediated through some cytokines, 
IL-1 and IL-6 being strongest candidates. Estrogen regulates the expression 
of IL-6 in bone marrow cells by a so far unknown mechanism. It is still 
uncertain if the effects of estrogen on osteoblasts is direct or is due to 
coupling phenomenon between bone formation to resorption. 
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Manolagas SC, Bellido T, Jilka RL. 

Division of Endocrinology and Metabolism, University of Arkansas for 
Medical Sciences, Little Rock 72205, USA. 

It is well established that osteoclasts, the cells responsible for bone 
resorption, are derived from hematopoietic progenitors (CFU-GM), v^hereas 
the bone-forming osteoblasts are of the same lineage as the mesenchymal 
stromal cells of the bone marrow. Moreover, it is widely accepted that 
osteoclast formation depends on cells of the stromal/osteoblastic lineage. The 
appreciation of the ontogeny of osteoclasts and osteoblasts, the interaction 
between them, and the role of local factors that regulate their development 
has led to the emergence of new insights into the pathophysiology of the 
osteopenias associated with estrogen deficiency and senescence. Consistent 
with histomorphometric data from humans, there is now evidence from 
studies in animal models suggesting that a critical cellular change caused by 
the loss of ovarian, as well as testicular, function is an increase in 
osteoclastogenesis. This change is apparently mediated by an increase in the 
production of the osteoclastogenic cytokine interleukin-6 by cells of the bone 
marrow, which follows the removal of an inhibiting control of estrogens or 
androgens on IL-6. The inhibiting effect of sex steroids on IL-6 production is 
mediated by their respective receptors and is exerted indirectly on the 
transcriptional activity of the proximal 225 bp sequence of the IL-6 gene 
promoter. Besides its effects on IL-6 production, loss of gonadal function 
may also cause an increase in the sensitivity of the osteoclastic precursors to 
the action of cytokines such as IL-6, due to an upregulation of the gpl30 
signal transduction pathway. (ABSTRACT TRUNCATED AT 250 WORDS) 
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Mechanisms of bone lesions in multiple myeloma. 



Bataille R, Chappard D, Klein B. 

Laboratcire d'Hematologie, Centre Hospitalier Regional et Universitaire, 
Hotel-Dieu, Nantes, France. 
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Lytic bone lesions and hypercalcemia are common features of multiple 
myeloma; however, they are exceptional in other B-cell malignancies. 
Myeloma bone involvement is related to an uncoupling process associating 
an increased osteoclastic resorption with decreased bone formation. Several 
osteoclast-activating factors such as interleukin-1 (IL-1), tumor necrosis 
factor, and interleukin-6 (IL-6) are involved in this process. IL-6, the major 
myeloma cell growth factor, could play a critical role in myeloma-induced 
bone resorption in association with other knovvn or unknown hematopoietic 
grov^h factors, however. 
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The mechanisms of bone lesions in human plasmacytomas. 



Bataille R. 



Laboratoire d*Hematologie, Institut de Biologic, quai Moncousu, France. 
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Bone involvement, mainly bone destruction, is a characteristic feature of 
human plasma-cytomas (PCX); on the other hand, it is exceptional in B cell 
malignancies other than PCX. Bone destruction is the consequence of an 
uncoupling process (associating an increased osteoclastic resorption with an 
inhibition of bone formation) and of a marked bone loss. Conversely, patients 
lacking lytic bone lesions or those v^ith sclerotic PCX have an increased bone 
resorption but maintain a normal or have an increased bone formation 
(coupling process). Xhis excessive osteoclastic resorption is an early 
phenomenon, as opposed to the inhibition of bone formation, and is observed 
several months or years before the occurrence of the first clinical symptoms 
of the disease. Xhus, it is an early criterion of malignancy, usefial for 
discriminating benign monoclonal ganmiopathy and smoldering PCX from 
early active PCX. Several inflammatory cytokines, osteoclast 
colony-stimulating factors and osteoclast activating factors produced either 
by the PCX cells themselves or the hematopoietic microenvironment, are 
probably involved in the pathogenesis of such bone lesions. At the present 
time, interleukin 6 (IL-6), (a major PCX-cell grov^h factor), its agonistic 
receptor gp80, IL-1 beta and tumor necrosis factor-alpha appear to be the 
most critical factors. Indirect arguments suggest that other hematopoietic 
growth factors, mainly macrophage colony-stimulating factor, might play a 
role. Xaken together, these data demonstrate a close relationship between 
PCX-cell growth factors and factors involved in the occurrence of bone 
lesions. 
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The management of hypercalcemia of malignancy. 
Harvey HA. 

Department of Medicine, Milton S, Hershey Medical Center, Pennsylvania 
State University, Hershey 17033, USA. 

Hypercalcemia (HCM) occurs in 10-15% of all malignancies, predominantly 
in patients with solid tumors. This metabolic complication leads to significant 
morbidity and impairment of quality of life. Recent insights into the 
pathophysiology of HCM include an understanding of the role of 
parathyroid-hormone-related peptide and several cytokines secreted by 
tumors. The osteoclast plays a central role as the final common pathway 
through which these hormones and cytokines act to cause bone lysis. These 
findings have led to the development of new treatment strategies. Foremost 
among these has been the introduction of agents such as the newer 
bisphosphonates and gallium nitrate, which are potent inhibitors of 
osteoclast-mediated bone resorption. The clinician can now choose fi*om an 
array of therapeutic approaches based on a consideration of the mechanisms 
of action, individual clinical circumstances, efficacy, toxicities and costs of 
available agents. In addition to their use in the management of HCM, 
non-toxic drugs that effectively inhibit osteoclast fianction, such as the 
bisphosphonates, are playing an emerging role in the palliative treatment of 
the more common clinical problems of painful lytic bone metastases and 
osteoporosis. 
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